The typical lactic acid bacteria are Gram-positive, nonspore-forming and catalase-negative, including the genera Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, Aerococcus, Carnobacterium, Enterococcus, Oenococcus, Tetragenococcus, Vagococcus and Weissella, which produced lactic acid as the major end product from sugar fermentation (Reddy et al., 2008) . In addition, strains of the genera Sporolactobacillus and Bacillus were reported to produce lactic acid (Fujita et al., 2010; Jung et al., 2009; Kitahara & Suzuki, 1963; Nakamura et al., 1988) . The genus Sporolactobacillus was catalase-negative, spore-forming, homofermentative lactic acid bacteria, while members of the genus Bacillus were Gram-positive, aerobic or facultatively anaerobic, catalase-positive, spore-forming, rodshaped bacteria (Yanagida et al., 1987) . A comparison of physiological characteristics of the spore-forming rods in species of the genus Sporolactobacillus and Bacillus coagulans revealed that members of the genus Sporolactobacillus lacked catalase activity and required carbohydrate for growth (Kitahara & Lai, 1967; Yanagida et al., 1987; Chang et al., 2008; Jung et al., 2009) . Recently, spore-forming strains of Tuberibacillus calidus from a compost pile and Pullulanibacillus naganoensis from soil have been reported (Hatayama et al., 2006) . In our screening of lactic acid-producing bacteria from soils in Thailand, several bacterial strains have been isolated and characterized (Prasirtsak et al., 2013) , and the Gram-stain-positive, catalase-positive and lactic acid-producing bacterium, strain NK26-11 T was also isolated. In this study, this strain is characterized based on polyphasic taxonomy and is proposed to represent a novel species of a new genus.
The Hucker-Conn modification was used for the Gram stain (Hucker & Conn, 1923) . Spore formation was examined by a scanning electron microscope. Flagellum was stained by the method described by Forbes (1981) . Catalase and oxidase activities, nitrate reduction and hydrolysis of arginine and starch were tested as previously reported (Tanasupawat et al., 1992 (Tanasupawat et al., , 1998 . The effect of temperature (10, 20, 25, 30, 40, 45 and 50 8C), initial pH (4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 8.0, 8.5, 9 .0 and 10) and NaCl concentration [1-10 (in 1 % increments), 20 and 21 %] were tested by using GYP broth (Prasirtsak et al., 2013) . The pH values were achieved using the following buffers, each at a final concentration of 50 mM: acetate buffer (for pH 4-5), phosphate buffer (for pH 6.0-7.0), Tris buffer (for pH 8-9.0) and sodium carbonate (for pH 10) (Sorokin, 2005) . Growth on marine agar (MA; Difco), TSA (Difco) with 1 % soluble starch and CYC medium (Hatayama et al., 2006) was also determined. All tests were carried out by incubating the cultures at 37 8C, except for the investigation of effects of temperature. Acid formation from carbohydrates was determined as reported previously (Tanasupawat et al., 1998) . Additional biochemical characteristics were recorded after incubation for 2 days in API 50 CH strips (bioMérieux). Lactic acid concentration in the fermentation broth was determined by HPLC (Sumi Chiral OA-5000; Prasirtsak et al., 2013) . Cell-wall peptidoglycan was analysed as described by Staneck & Roberts (1974) . Menaquinone was analysed by HPLC . Fatty acid methyl esters were prepared from cells grown on GYP agar plates for strain T , cells grown on TSI (TSA supplemented with 1 % soluble starch and 1.5 % NaCl, and adjusted to pH 6) for strain NK26-11 T , P. naganoensis LMG 12887
T and Tuberibacillus calidus JCM 13397 T , and from cells grown on TSII (TSA supplemented with 1 % soluble starch and 4 % NaCl, and adjusted to pH 7) for Bacillus solimangrovi JCM 18994 T and Thalassobacillus devorans DSM 16966
T . All agar plates were incubated at 37 8C for 3 days. Cellular fatty acid profiles were analysed by GLC according to the instructions of the Microbial Identification System (MIDI) Sherlock version 6.0 (Sasser, 1990) with the RTSBA6 MIDI database. For polar lipids analysis, the lipids were extracted and determined by two-dimensional TLC following the procedure of Minnikin et al. (1984) .
DNA was isolated from cells grown in GYP broth for 2 days and was purified by the method of Saito & Miura (1963) . DNA base composition was determined by reversed-phase HPLC (Tamaoka & Komagata, 1984) . The 16S rRNA gene sequence of the novel strain was amplified and the PCR product was purified and sequenced as described previously (Tanasupawat et al., 2004) . The sequence of strain NK26-11 T was aligned with selected sequences obtained from the GenBank database by using CLUSTAL X version 1.81. The alignment was edited manually to remove gaps and ambiguous nucleotides prior to the reconstruction of phylogenetic trees. The phylogenetic trees based on the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods were reconstructed in MEGA software version 6 (Tamura et al., 2013) . The confidence values of individual branches in the phylogenetic tree were determined by using the bootstrap analysis of Felsenstein (1985) based on 1000 replications. The values for sequence similarity among the closest strains were determined using the EzTaxon server (Kim et al., 2012) .
Strain NK26-11
T was Gram-stain-positive, catalase-positive, facultatively anaerobic, endospore-forming, rod-shaped (0.6-0.763.6-4.4 mm; Fig. S1A , available in the online Supplementary Material), and motile by means of peritrichous flagella (Fig. S1B ). Colonies on GYP agar plates were circular, convex and ivory-white (1.0-1.4 mm in diameter). D-Lactic acid (96.4 % optical purity of D-lactic acid) was produced from glucose. The strain was positive for nitrate reduction. Strain NK26-11
T grew at 20-45 8C, at pH 5-8.5 and on GYP agar with 3 % NaCl, but not on GYP agar with 4 % NaCl. This is in contrast to B. solimangrovi JCM 18994 T and P. naganoensis LMG 12887 T , which could not grow on GYP agar plates. Tuberibacillus calidus JCM 13397
T could grow on GYP agar supplemented with 0.5 or 1.2 % (w/w) NaCl and Thalassobacillus devorans DSM 16966 T grew on GYP agar supplemented with 4 % (w/w) NaCl. Strain NK26-11 T grew on MA and CYC agar while Sporolactobacillus inulinus NRIC 1133
T grew on CYC agar but grew weakly on MA agar (Table S1 ). The details of phenotypic characteristics are listed in the genus and species descriptions and in Table 1 . Meso-diaminopimelic acid was contained in the cell-wall peptidoglycan. MK-7 was the major menaquinone component. Strain NK26-11 T contained major fatty acids of anteiso-C 17 : 0 (56.5 and 58.1 % on GYP agar and TSI, respectively) and anteiso-C 15 : 0 (23.8 and 19.2 %). This was different from B. solimangrovi JCM 18994 T and P. naganoensis LMG 12887
T which contained iso-C 15 : 0 and/or iso-C 16 : 0 as major fatty acids. However, strain NK26-11 T showed the same profile as Sporolactobacillus inulinus NRIC 1133 T . The other fatty acids of strain NK26-11 T when cultured on GYP agar were C 12 : 0 (0.6 %), iso-C 14 : 0 (0.3 %), C 14 : 0 (1.0 %), iso-C 15 : 0 (2.5 %), iso-C 16 : 0 (8.3 %), C 16 : 0 (4.2 %), iso-C 17 : 0 (1.7 %), C 18 : 0 (0.3 %) and anteiso-C 19 : 0 (0.7 %) ( Table 2 ). The DNA G+C content of strain was 42.6 mol% which was differentiated from type strains of species of related genera (Table 1) . Strain NK26-11 T contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), two ninhydrin-positive glycolipids, two glycolipids and two unknown lipids (Fig. S2 ). This strain contained DPG and PG like B. solimangrovi JCM 18994 T , which contained DPG, PG and three unknown phospholipids (Lee et al., 2014) , while Thalassobacillus devorans DSM 16966 T had DPG, PG, an unidentified lipid and an unidentified phospholipid (García et al., 2005) , and P. naganoensis LMG 12887
T contained DPG, PG, an unidentified phospholipid, three glycolipids and one amino lipid (Hatayama et al., 2006) . The 16S rRNA gene sequence analysis indicated that strain NK26-11
T was located between the genera Bacillus and T based on growth at 3 % NaCl (w/v), nitrate reduction, production of acid from various carbohydrates, cellular fatty acids of C 16 : 1 v7c alcohol, iso-C 15 : 0 , iso-C 17 : 1 v10c and anteiso-C 17 : 0 , and DNA G+C content (Tables 1 and 2 ). In addition, it could be differentiated from other genera based on 16S rRNA gene sequence analyses. Therefore, strain NK26-11
T represents a novel species in a new genus of the Bacillus and Sporolactobacillus cluster, for which the name Terrilactibacillus laevilacticus gen. nov., sp. nov. is proposed.
Description of Terrilactibacillus gen. nov.
Terrilactibacillus (L. gen. n. terra of the earth; L. n. lac lactis, milk; L. masc. n. bacillus a small rod; N.L. masc. n. Terrilactibacillus soil lactic acid rodlet).
Cells are Gram-stain-positive, facultatively anaerobic, endospore-forming straight rods with rounded ends. The endospores are sub-terminal and oval with a swollen sporangium. Colonies on GYP agar plates are circular smooth ivory-white and non-pigmented. Produces D-lactic acid from glucose homofermentatively. Positive for catalase and nitrate reduction but negative for oxidase, hydrolysis of arginine and starch. Grows at 20-45 uC, at pH 5-8.5 and in the presence of 3 % (w/v) NaCl. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The major respiratory quinone is MK-7. Diphosphatidylglycerol and phosphatidylglycerol are the major polar lipids. The major fatty acids are anteiso-C 17 : 0 and anteiso-C 15 : 0 . The DNA G+C content of the type strain of the type species is 42.6 mol%.
The type species is Terrilactibacillus laevilacticus. *Summed features are groups of two or more fatty acids that could not be separated using the MIDI system. Summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 contained iso-C 17 : 1 and/or anteiso B; summed feature 8 contained C 18 : 1 v7c. DTSI, TSA with 1 % soluble starch and 1.5 % (w/v) NaCl, pH 6; TSII, TSA with 1 % soluble starch and 4 % (w/v) NaCl, pH 7.
Description of
naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucosidase, N-acetyl-b-glucosaminidase, esterase lipase (C8), lipase (C4), trypsin, a-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase activities. Weak enzymic activities are found for esterase (C4), cystine arylamidase, a-chymotrypsin and acid phosphatase. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, two ninhydrin-positive glycolipids, two glycolipids and two unknown lipids.
The type strain is NK26-11 T (5LMG 27803 T 5TISTR 2241 T 5PCU 335 T ), isolated from soil in Thailand. The DNA G+C content of type strain is 42.6 mol%. 
